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Objectives: To study if venous thrombectomy prevents late post-thrombotic sequelae, venous obstruction reflux, and 
improves venous physiology following an acute iliofemoral venous thrombosis. 
Design: Prospective randomised controlled study. 
Material: Thirty patients returned f or follow-up 10 years after an acute iliofemoral venous thrombosis initially treated 
with conventional nticoagulation treatment (medical group, n = 17) or with thrombectomy combined with a temporary 
arteriovenous fistula and anticoagulation (surgical group, n = 13). Clinical assessment, radionuclide angiography, duplex 
ultrasound and venous physiology tests were performed. 
Results: Leg swelling was recorded in 12 (71%) and leg ulcers in three (18%) of the medical patients and in, respectively, 
six (46%) and one (8%) of the surgical patients. The surgical patients had less severe sequelae (class 0-2). Radionuclide 
angiography demonstrated that the iliac vein was more commonly occluded following medical (59%) than following 
surgical (17%) treatment (p<O.05). Duplex examination demonstrated slightly (n.s.) more reflux in the femoral and 
poptiteal veins in the medical group. Venous physiology (occlusion plethysmography, foot volumetry, and foot vein 
pressures) did not show any significant differences, although the medical group tended to have a more severe pathology. 
Conclusion: Venous thrombectomy improves venous patency and possibly reduces venous reflux and post-thrombotic 
sequelae as compared to anticoagulation treatment. 
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domised controlled trial (RCT). 
Introduction 
The main hazards of acute iliofemoral venous throm- 
bosis are pulmonary embolism, limb loss from reduced 
peripheral perfusion, and late development of post- 
thrombotic sequelae. Around 40-50% of patients pre- 
senting with iliofemoral venous thrombosis have scin- 
tigraphic evidence of pulmonary emboli, which in 
most instances are non-symptomatic. 1 Further em- 
bolism is usually prevented by anticoagulation treat- 
ment alone, but some kind of caval vein interruption 
is occasionally required. ~-3 Venous gangrene may de- 
velop in phlegmasia cerulea dolens with reduced tissue 
perfusion due to increased pressures in the muscle 
compartments. 4 Most authors would advocate venous 
thrombectomy in such severe cases, as this is the most 
effective way of rapidly restoring venous outflow. 5
The post-thrombotic syndrome volves over several 
years. Development of leg ulceration is closely related 
to venous hypertension due to destruction of the ven- 
ous valves and reflux, 6'7 while leg pain during exercise 
* Address correspondence to: G. Plate. 
(venous claudication) is caused by persistent outflow 
obstruction by occluded iliofemoral veinsY Patients 
with iliac vein obstruction combined with reflux from 
incompetent femoral and popliteal veins frequently 
develop major venous hypertension and severe se- 
quelae. 1°-~2 Some authors have also described a high 
incidence of severe sequelae following iliofemoral 
thrombosis, 1~16 whereas others claim that the severity 
of symptoms is not related to the extension of the 
thrombosis. 18 We have previously reported sig- 
nificantly better venous patency, less venous hyper- 
tension and slightly better valvular competence up to 
5 years after venous thrombectomy as compared to 
anticoagulation treatment in acute iliofemoral venous 
thrombosis. ~'8'~9 Ten-year follow-up results from this 
study are now available. 
Material and Methods 
Initially, 58 patients with unilateral acute iliofemoral 
venous thrombosis were included in this prospective 
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Table 1. Initial patient and thrombus characteristics in 30 patients 
with acute iliofemoral venous thrombosis available for follow-up 
after 10 years. 
Medical group Surgical group 
n=17 n=13 
Patient 
Age (years) 44 (15-73) 47 (19-76) 
Sex (males/females) 6/11 2/11 
Thrombus 
Side (right/left) 4/13 2/11 
Extension (entire leg/ 11/5/1 10/2/1 
proximal/unknown) 
Duration (days) 2 (1-4) 2 (0-3) 
randomised study comparing surgical thrombectomy 
combined with a temporary arteriovenous fistula and 
anticoagulation treatment with conventional anti- 
coagulation treatment alone. The criteria for inclusion 
and exclusion, patient characteristics, and details of 
medical and surgical treatment as well as the early 
clinical and phlebographic results have been described 
in a previous report. 18 In summary, patients with deep 
venous thrombosis with symptoms of leg swelling not 
exceeding 7 days and a proximal extension of the 
thrombus above the inguinal ligament, but not into 
the vena cava, were' included in the study. Medical 
treatment consisted of continuous heparin infusion, 
monitored by the activated partial thromboplastin time 
(60-120 s) followed by oral anticoagulation treatment 
for at least 6 months. Venous thrombectomy was per- 
formed under general anaesthesia using fluoroscopic 
control and venous Fogarty balloon catheters. Distal 
clearance was aided by manual compression. The 
arteriovenous fi tula was constructed by anastomosing 
the divided long saphenous vein to the side of the 
superficial femoral artery. The fistula was closed after 
approximately 6 weeks. All surgical patients received 
anticoagulation treatment and were supplied with 
compression stockings in the same way as the medical 
patients. 
Thirty patients (17 medical and 13 surgical) were 
available for follow-up 10 years after the initial throm- 
botic event. Their demographic data are presented in 
Table 1. Since mostly old patients were lost from 
follow-up, this reduced group consisted of patients 
that were almost 20 years younger than in the entire 
material. Although there were slightly more extensive 
thromboses, older patients and relatively more females 
in the surgical group, there was no significant dif- 
ference between the two treatment groups. Two sur- 
gical and one medical patients had had a history of calf 
thrombosis prior to the initial iliofemoral thrombosis. 
Three medical patients experienced new episodes of 
deep venous thrombosis during the observation 
period. It should also be noted that four surgical 
patients were initially excluded from the study because 
no thrombus was found ~ in the iliac vein during the 
thrombectomy. These Veins had not been properly 
visualised uring the initial phlebography due to prob- 
lems with femoral vein puncture. This was also the 
case in five other surgical and in eight medical patients. 
The five surgical patients had their iliac vein thrombus 
verified at surgery, but five of the eight medical 
patients with uncertain iliac vein involvement remain 
in this follow-up study. Surgical clearance of the iliac 
vein was considered successful in six of the 13 surgical 
patients (46%) available for follow-up. The remaining 
seven patients had an underlying iliac vein obstruction 
caused by compression of the overriding common iliac 
artery, iliac compression syndrome, making catheter 
passage to the vena cava and complete iliac vein 
clearance difficult. Four of these seven patients (57%) 
developed early rethrombosis of the iliac vein. This 
did not occur in any of the "successful" cases. 
The 10-year examination consisted of clinical, mor- 
phological and physiological evaluation. Presence of 
post-thrombotic sequelae (varicose veins, leg swelling, 
ulceration, venous claudication) was recorded. The 
clinical results were then graded according to the 
"Reporting standards in venous disease: an update 
by the Ad Hoc Committee"9 A complete "CEAP" 
classification was not possible, but the clinical and 
disability scores were calculated as suggested in the 
Hawaii Consensus Statement. 21 
Iliac vein patency was assessed by radionuclide 
angiography as described by Akesson et al., 22 sup- 
ported by information obtained by contrast phle- 
bography at 6 months and radionuclide angiograms 
obtained at 6 months, 1, 3, and 5 years. The i l iac vein 
was classified as being normal, stenotic, or occluded. 
Venous outflow capacity was assessed with oc- 
clusion plethysmography using the strain-gauge t ch- 
nique, as described by Hallb66k and GOthlin, 23 and 
evaluated as described by Akesson et al. 24 The max- 
imum venous outflow (MVO) was classified as normal 
(>50 ml/min/100 ml), intermediate (30-50 ml/min/  
100 ml), or pathological (<30 ml/min/100 ml). 
Foot volumetry was performed as described by 
Norgren et a lY  for evaluation of muscle pump func- 
tion, relative expelled volume (EVrel) and venous 
reflux (Q/EVrel). As the numerical values have been 
shown to vary with age and sex ,  26 the absolute values 
were also transformed to standard deviations of the 
age- and sex-adjusted means. A relative expelled vol- 
ume less than -2  SD and a Q/EVrel greater than 2 SD 
were considered pathological. Values divergating more 
than 4 SD from the mean were graded as severely 
pathological. 
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Fig. 1. Post-thrombotic sequelae at10-year follow-up. ([]) Medical 
The foot vein pressure was measured as described 
by Nicolaides and Zukowski. 27 The resting pressure in 
the erect position and the ambulatory venous pressure 
(AVP) during heel-raising 20 times (once per second) 
were recorded using butterfly needles inserted into a 
superficial foot vein. The AVP was graded as normal 
(<50 mmHg), pathological (50-70 mmHg) or severely 
pathological (>70 mmHg). Venous reflux was assessed 
by measuring the time required to reach 90% of the 
resting pressure after ambulation, pressure recovery 
time (RT90). This was graded as normal (>20 s), patho- 
logical (5-20 s), or severely pathological (<5 s). 
Venous reflux was also assessed by duplex ultra- 
sound examination, as described by van Bemmelen et 
al. 28 The  duration of venous reflux in the upright 
position was examined in the femoral and popliteal 
veins following sudden deflation of a distally placed 
cuff. The femoral vein was examined at a level just 
distal to the Saphenous inflow and the popliteal vein 
was examined at the knee level. The reflux was graded 
as minimal (<0.5 s), pathological (0.5-2 s) or severely 
pathological (<2 s). 
Due to asymmetry of the recorded parameters the 
data are presented as medians (range), and non-para- 
metric tests (Fischer exact probability test, Wilcoxon 
rank sum test) were used for statistical analysis. 
Results 
The presence of post-thrombotic sequelae in all 30 
patients (17 medical and 13 surgical) available for 10- 
year follow-up are presented in Fig. 1. Slightly more 
surgical patients were symptom-flee and slightly less 
surgical patients had leg swelling, varicose veins, ven- 
ous claudication and leg ulcers (present or past). Using 
Kaplan-Meier life-table analysis in all 58 patients ini- 
tially included, there was no significant difference in 
Venous Leg ulcers 
claudication 
group (n = 17); (ll) surgical group (n =13). 
ulcer-free survival (Table 2). Seventeen and eleven per 
cent of the patients in the medical and surgical groups, 
respectively, had developed ulcers after 10 years. Clas- 
sification of chronic venous insufficiency, inaccordance 
wi th  the suggestions by the Ad Hoc Committee, 2°
showed more surgical patients with less severe sequelae 
(class 0-2). Severe sequelae (class 3-6) were more com- 
mon in the medically treated patients (Fig. 2). The me- 
dian clinical score was i (0-10) in the medical and 0 (0-7) 
in the surgical group [Fig. 3(a)]. The median disability 
score was 1 (0-2) in both groups [Fig. 3(b)]. None of 
these differences was statistically significant. 
Radionuclide angiography (Fig. 4) demonstrated a 
patency of 83% (10 of 12 patients) in the surgical group 
and 41% (seven of 17 patients) in the medical group. 
This difference was statistically significant (p<0.05, 
Fischer exact probability test). Excluding the five med- 
ical patients who did not have a clearly demonstrated 
thrombus extension into the iliac vein, the late iliac 
vein patency was only 33% (four of 12 patients) in the 
medical group. Iliac vein stenosis was noted in half of 
the patent veins in the surgical group. Occlusion 
plethysmography did not demonstrate any significant 
difference in venous outflow between the two groups, 
although the values were slightly better in the surgical 
patients (Table 3). 
The absolute values of the foot volumetry ex- 
aminations are presented in Table 3. The trans- 
formations to standard deviation which are more 
suitable for group comparisons are used in Fig. 5. 
There was no obvious difference between the groups, 
but severe reflux was slightly (0.05<p<0.01) more com- 
mon in the medical group. 
The ambulatory venous pressure was slightly lower 
in the surgical group (Table 3). It was normal 
(<50 mmHg) in 19% (three of 16 patients) of the medical 
and in 40% (four of 10 patients) of the surgical patients. 
The 90% recovery time (RT 90) was severely patho- 
logical (<5 s) in 44% (seven of 16 patients) of the 
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Table 2. Kaplan-Meier life-table of leg ulcer-free survival in all medically (n=31) and surgically (n=27) treated patients initially 
included in study of acute iliofemoral vein thrombosis. 
Interval (years) No of legs at risk Ulcer Withdrawn Interval Cumulative Standard error 
non-ulceration non-ulceration (%) 
Medical patients 
0-1 31 0 4 1.0 100 0 
1-2 27 0 0 1.0 100 0 
2-3 27 3 0 0.889 100 0 
3-4 24 0 1 1.0 88.9 6.0 
4-5 23 0 3 1.0 88.9 6.2 
5-7 20 0 4 1.0 88.9 6.6 
7-9 16 0 0 1.0 88.9 7.4 
9-10 16 1 1 0.935 88.9 7.4 
10-11 14 - -  - -  - -  83.2 9.1 
Surgical patients 
0-1 27 0 4 1.0 100 0 
1-2 23 1 0 0.957 100 0 
2-3 22 0 2 1.0 95.7 4.2 
3-4 20 0 1 1.0 95.7 4.4 
4-5 19 0 1 1.0 95.7 4.6 
5-7 18 0 3 1.0 95.7 4.7 
7-9 15 0 0 1.0 95.7 5.1 
9-10 15 1 0 0.933 95.7 5.1 
10-11 14 - -  - -  - -  89.3 7.8 
Medical group Surgical group 
(n = 17) (n = 13) 
18% 
8% 
12% 
5 8 % ~  12% 38% 
16% 
Fig. 2. Clinical classification according to the ad Hoc classification 2° 
at 10-year follow-up. Class (acl Hoc).([]) 0; ([]) 1-2; ([]) 3-4; ( , )  
5-6. 
Table 3. Median (ranges) for physiological tests performed 10 
years after an acute iliofemoral venous thrombosis. 
Treatment 
Examination Medical Surgical 
Occlusion plethysmography n = 16 
Maximum venous outflow, 50 (16-97) 
MVO (ml/min/100 ml) 
n=13 
67 (27-139) 
Foot volumetry n = 17 n = 13 
Relative xpelled volume, 0.9 (0.1-2.4) 0.8 (0.0-2.1) 
EVrel (ml/100 ml) 
Relative reflux, Q/EVrel 4.6 (0.9~45.4) 4.6 (1.0-17.3) 
(min -1) 
Foot vein pressure n = 16 n = 10 
Ambulatory venous pressure, 63 (33-100) 55 (31-105) 
AVP (mmHg) 
90% recovery time, RTg0 9 (0-87) 8 (0-24) 
med ica l ly  t reated pat ients  and in 20% (two of 10 
pat ients)  of the surgical  pat ients.  None  of these dif- 
ferences was  stat ist ical ly signif icant. 
Venous dup lex  u l t rasound examinat ion  was  per-  
fo rmed in 14 med ica l ly  and in nine surgica l ly  t reated 
patients.  Severely patho log ica l  ref lux (>2 s) was  more  
common in the medica l ly  t reated pat ients  both  at the 
femoral  and pop l i tea l  evels (Fig. 6). Of the medica l ly  
t reated pat ients,  two (14%) had  min imal  ref lux at the 
femoral  level  and  six (43%) had  min imal  ref lux at the 
pop l i tea l  evel. In the surgical  group,  three (33%) had  
min imal  ref lux at the femoral  and seven (78%) had  
min imal  ref lux at the pop l i tea l  level. None  of these 
di f ferences was  stat ist ical ly signif icant. 
Of those six surgical  pat ients  that in it ia l ly had  had  
a successful  venous  thrombectomy,  all had  mainta ined  
il iac ve in  patency,  five had  a grade 0-2 chronic venous  
insuff iciency, and  three had  no signs of venous  reflux. 
The number  of pat ients  remain ing  in the s tudy  was  too 
smal l  to a l low any mean ingfu l  subgroup compar isons .  
Discussion 
Convent iona l  ant icoagulat ion  t reatment  is stil l an ad-  
equate t reatment  for most  cases of acute i l io femoral  
venous  thrombosis .  However ,  the results  are not  ideal.  
In the present  study,  71% of the med ica l ly  t reated 
pat ients  deve loped leg swel l ing and 17% leg ulcers 
w i th in  10 years.  Al l  pat ients  were  fo l lowed regu lar ly  
and  were  cont inuous ly  supp l ied  wi th  compress ive  
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(n = 17) 
18% 
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24% 
47% 
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Surgical group Medical group Surgical group 
(n = 13) (n = 17) (n = 13) 
8% 23% 
8% 
31% 3 
~4% 29 
Fig. 3. Clinical (a) and disability (b) score at 10-year follow-up according to consensus document. 2I (a) ([2)=0; (~)=1; ([])=2; (11)=>2. 
(b) ([~)=0; (~)-1; (")=2. 
599 
Medical group 
(n = 17) 
12% 
29% 
Surgical group 
(n = 12) 
17% 
42% ~ 1 4 2  % 
Fig. 4. Iliac vein patency assessed by radionuclide angiography at 
10-year follow-up. ([2) Normal, ([]) stenotic; (0) occluded. 
stockings if leg swelling persisted. This may explain 
the rather low rate of leg ulcer development. Popliteal 
valvular function was preserved in only 43% and iliac 
vein patency in only 41%. It is also possible that some 
of these patients never had had a thrombus in the 
iliac vein, as the initial phlebogram had not clearly 
visualised this segment in five of the medical patients. 
Excluding these patients, the late patency of the iliac 
vein was only 33%. 
At earlier follow-up after 6 months, 1, 3, and 5 years, 
the iliac vein was more often patent following surgery 
than after medical treatment. 18'19 The number of re- 
maining study patients has been reduced in the course 
of time, but the difference in patency clearly remains 
in favour of surgery. Early rethrombosis occurred in 
four of seven surgical cases in whom a complete iliac 
vein clearance was not possible due to a proximal iliac 
vein obstruction (iliac vein compression syndrome). 
Taking the new evolution of endovascular procedures 
into consideration, it may be speculated that initial 
balloon angioplasty with placement of a stent at this 
site, possibly aided by angioscopic evaluation, may 
have prevented rethrombuses and improved the long- 
term patency. Late rethrombosis occurred in three 
medical patients, but in none of the surgical patients. 
Other authors have demonstrated an equally good 
long-term iliac patency following surgery, 2'29-31 which 
is clearly superior to the patency usually obtained by 
anticoagulation treatment alone. 15'32-35 Some variability 
in patency rates may depend on the definition of 
patency and the method of investigation. B6 
Venous reflux is probably more deleterious than 
venous obstruction regarding the development ofpost- 
thrombotic sequelae. 6'1°'17 Following anticoagulation 
treatment alone, valvular function is not preserved in 
venous segments affected by the thrombus. On the 
other hand, isolated iliac thrombosis may resolve with- 
out development of venous reflux, as the most im- 
portant venous valves are located more peripherally. 
Thus, the more extensive the thrombosis the greater 
the likelihood for development of venous reflux and 
late sequelae. This has been demonstrated in several 
65% 
Medical group Surgical group Medical group Surgical group 
(n = 17) (n = 13) (n = 17) (n = 13) 
19.% 
24% 
23% 
23% 
41% 
12% 
7% 
(a) (b) 
4 6 ~ 1 5 %  
38% 
Fig. 5. Muscle pump function (a) and venous reflux (b) assessed by foot volumetry at 10-year follow-up. (a) ([~) >-2 SD; ([]) --2---4 
SD; (11) <--4 SD. (b) ([2) <2 SD; ([]) 2-4 SD; (11) >4 SD. 
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Fig. 6. Femoral (a) and popliteal (b) venous reflux assessed by duplex ultrasound at 10-year follow-up. (El) Medical group (n =14); (11) 
surgical group (n=9). 
studies, although there is no absolute correlation 
between initial thrombus extension and clinical 
results.  32'33'37'3s Because the initial thrombosis was con- 
fined to the proximal veins in 29% of the medical, and 
in 15% of the surgical patients, the incidence of reflux 
due to more distal thrombosis could be expected to 
become slightly worse in the surgical group. This was 
not the case; however. 
The present study found somewhat diverse results 
when assessing venous reflux. Duplex ultrasound ex- 
amination demonstrated superior esults at the femoral 
and popliteal evels followed surgery, but assessment 
at the level of the ankle and foot by foot volumetry 
and venous pressure measurement (RT90) revealed no 
difference between the two treatment groups. This 
disparity may indicate that the surgical procedure is 
more effective in preserving the valves of the femoral 
and popliteal veins as compared to the valves of the 
calf. Which of these valves are more important in the 
development of late sequelae is not known. In- 
vestigators that have promoted their own method of 
active treatment, being surgical or medical (especially 
thrombolysis), by demonstrating late valvular com- 
petence using ultrasound examination alone may have 
missed the presence of valvular incompetence below 
the popliteal vein. It is therefore of the utmost import- 
ance that the method of investigation is thoroughly 
considered when interpreting the long-term results 
following various methods of treatment. This has also 
been stressed by the Ad Hoc Committee. 19
Although venous thrombectomy may preserve the 
vein valves better than medical treatment alone, valv- 
ular reflux remains the major problem even following 
thrombectomy. This may be due to a delay in treatment 
and the presence of old thrombi that have already 
destroyed the valves at the time of initial diagnosis. 
Some of our patients had experienced eep venous 
thrombosis of the calf prior to the actual iliofemoral 
thrombosis assessed in this study. It could not be 
expected that any of these patients would have a 
preserved valvular function at the calf level at follow- 
up and, in retrospect, hese patients hould not have 
been included in the study. Other patients had old 
thromboses that were discovered only at the time of 
surgery. Complete clearance of the venous ystem was 
in these cases impossible. In cases where the initial 
operation was successful, the results were better. Until 
we have better methods to establish the exact age of 
the thrombosis, it is difficult to identify those patients 
who are most suitable for surgical treatment. Further 
development of ultrasound or magnetic resonance 
examinations may be of value in this respect. 
The present study included several patients who 
today would not be considered suitable for venous 
thrombectomy (old patients, patients with old or pre- 
vious thrombosis, cancer patients). This probably de- 
creased the difference in results between the two 
treatment groups and makes it likely that the pro- 
cedure would be more beneficial if used in better 
selected cases. Severe cases with limb-threatening isch- 
aemia (phlegmasia cerulea dolens) may also be suitable 
for venous thrombectomy, as venous thrombectomy 
has proven most effective and expeditious in the es- 
tablishment of venous outflow 5and because the results 
with anticoagulation treatment are poor. However, 
many cases of phlegmasia cerulea dolens develop in 
patients with terminal malignant disease when only 
palliative measures are indicated. 
The present investigation has previously indicated 
better results in young, otherwise healthy patients 
with a fresl~ thrombosis and without underlying iliac 
vein obstruction. 19Young individuals have a long life- 
expectancy for development of post-thrombotic se- 
quelae making minor differences in physiological res- 
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ults more important. The limited number of ob- 
servations made meaningful subgroup analysis im- 
possible at this later follow-up. Favourable results in 
similar groups of patients have been recorded by 
G~inger et al. 29 However, the number of observations 
was not sufficient in their subgroups either to provide 
conclusive vidence of benefit with surgery. In preg- 
nant women, who were excluded from this study 
and offered surgical treatment routinely, anticoagulant 
treatment is followed by bad late results 39 and is 
sometimes contraindicated. Some authors have op- 
erated upon young women with iliofemoral throm- 
bosis in conjunction with pregnancy or delivery with 
favourable arly results, 4°-42 although the long-term 
results were less good. 36 
In summary, venous thrombectomy should pre- 
ferably be offered to young individuals with fresh 
thrombosis and without other underlying conditions, 
and to patients with limb-threatening phlegmasia. 
Early diagnosis is most important and methods need 
to be developed for assessment of the age and extent 
of the thrombus in the entire venous system. Surgical 
techniques must be improved to allow a more complete 
clearance of the venous system with preservation of 
valvular function. Combined treatment with en- 
dovascular techniques (balloon angioplasty, stenting, 
catheter-directed thrombolysis) will probably be bene- 
ficial. 43"44 Such aggressive treatment must then be com- 
pared with conventional nticoagulation treatment in 
a prospective randomised fashion and the patients 
followed by morphological, physiological and clinical 
examinations. 
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